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(54) Multiband RF receiver using wideband RF filters 



(57) A multi-band radio frequency (RF) receiving 
method in a mobile communication system having a re- 
duced size and cost includes receiving RF wave signals 
for four or more non-overlapping bands, primarily filter- 
ing a first wide band including adjacent first and second 
bands and a second wide band including adjacent third 
and fourth bands, low-noise amplifying the RF wave sig- 
nals of the first and second wide bands, respectively, 
secondarily filtering a third wide band including adjacent 
second and third bands and a fourth wide band including 
first and fourth bands, and frequency-down converting 
the two RF wave signals generated in the secondary fil- 
tering step into two band intermediate frequency wave 
signals by means of first and second oscillation frequen- 
cies. 

A multi-band radio frequency receiver comprises 

a first wide band RF filter (21 ) for adjacent bands (1 
and 2) 

a second wide band RFfilter (23) for adjacent bands 
(3 and 4). 

LNA 1 (31) and LNA2 (33) 
a switch portion (51 ;53) 

a third wide band filter (61) for adjacent bands (2 
and 3) 

a fourth wide band filter (63) for non adjacent bands 
(1 and 4) 

A control command drive the position of the switch por- 
tion in order to obtain different RF filtered band signals. 



Using appropriate local oscillator frequencies (71 ,73) is 
possible to bring the correct band into the correspondent 
band filter (91,93,95,97). When 4 bands are input the 
system delivers 2 output bands at the same time. The 
system can deal with more than 4 input bands. 
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Description 

[0001] The present invention relates to a multi-band 
radio frequency (RF) receiving method and apparatus 
in a mobile communication system. More particularly, 
the present invention relates to an RF receiving method 
and apparatus capable of simultaneously receiving two 
frequency bands among a plurality of received frequen- 
cy bands and capable of reducing numbers of RF filters 
and local oscillators required for converting an RF wave 
signal into an intermediate frequency (IF) signal, there- 
by remarkably reducing system size and cost. 
[0002] Recently, as wireless portable terminals have 
become miniaturized and lightweight, and fabrication 
and architecture technologies of semiconductors have 
advanced, there has been an increasing demand for in- 
tegrating various components for mobile communica- 
tions into a single chip to minimize space occupied by 
the components. According to such a tendency of one- 
chip component integration, RF receiving apparatuses 
are also integrated into one-chip components in view of 
a low-noise amplifier, mixer or local oscillator. However, 
since it is very difficult to implement an on-chip RF filter 
having adequate characteristics by existing technology, 
the RF filter is mounted on an RF receiving apparatus 
in an off-chip type. 

[0003] The RF filter is used to select a frequency sig- 
nal corresponding to each band in an RF receiving ap- 
paratus for a wireless portable terminal. The RF filter 
includes a first filter and a second filter. The first filter 
receives a desired frequency band signal from a plurality 
of frequency band signals received via an antenna, and 
removes unnecessary signal components to prevent 
saturation of a low-noise amplifier. The second filter re- 
moves unnecessary signal components such as image 
components. 

[0004] As described above, the module size and cost 
of an RF receiving apparatus are mostly attributed to the 
RF filters mounted as off-chip discrete components. 
Thus, in order to realize a miniaturized, low-cost mod- 
ule, it is necessary to reduce the required number of RF 
filters while maintaining the same level of RF filtering 
performance. 

[0005] According to a first aspect of the invention, 
there is provided a multi-band radio frequency (RF) re- 
ceiving method in a mobile communication system, the 
method including receiving RF wave signals for four or 
more non-overlapping bands, primarily filtering a first 
wide band including first and second bands adjacent to 
each other and a second wide band including third and 
fourth bands adjacent to each other from the received 
RF wave signals, low-noise amplifying the RF wave sig- 
nals of the first and second wide bands, respectively, 
secondarily filtering a third wide band including second 
and third bands adjacent to each other and a fourth wide 
band including first and fourth bands from the low-noise 
amplified RF wave signals of the first and second wide 
bands, and generating two band RF wave signals to be 



simultaneously received, and frequency-down convert- 
ing the two band RF wave signals generated in the sec- 
ondarily filtering step into two band intermediate fre- 
quency (IF) wave signals by means of first and second 

5 oscillation frequencies. 

[0006] According to a second aspect of the invention, 
there is provided a multi-band RF receiving apparatus 
in a mobile communication system, including an anten- 
na portion for receiving RF wave signals for four or more 

io non-overlapping bands, a first filtering portion for filter- 
ing a first wide band including first and second bands 
adjacent to each other and a second wide band includ- 
ing third and fourth bands adjacent to each other from 
the RF wave signals received from the antenna portion, 

is an amplifying portion for low-noise amplifying first and 
second wide band RF wave signals supplied from the 
first filtering portion, respectively, a second filtering por- 
tion for filtering a third wide band including second and 
third bands adjacent to each other and a fourth wide 

20 band including first and fourth bands from the first and 
second wide band RF wave signals received from the 
amplifying portion, a path setting portion disposed be- 
tween the amplifying portion and the second filtering 
portion, and setting a path between the output port of 

25 the amplifying portion and the input port of the second 
filtering portion according to two bands selected to be 
simultaneously received among the first through fourth 
bands, and a frequency-down converting portion for 
converting the two band RF wave signals generated in 

30 the second filtering portion into two band IF wave signals 
by means of first and second oscillation frequencies. 
[0007] In an effort to solve the problems described 
above, the present invention thus provides a multi-band 
RF receiving method and apparatus in a mobile com- 

35 munication system, capable of noticeably reducing the 
number of RF filters and local oscillators required by em- 
ploying a wide bandpass filter for simultaneously filter- 
ing two frequency bands and a low-noise amplifier for 
low-noise amplifying the filtered two frequency bands. 

^0 The multi-band RF receiving method and apparatus of 
the invention is capable of simultaneously selectively re- 
ceiving two among four or more bands received from an 
antenna in a mobile communication system. 
[0008] The apparatus may further include a mode sig- 

45 nal generator for generating first through fourth mode 
signals according to the two bands selected to be simul- 
taneously received among the first through fourth 
bands. 

[0009] In the apparatus, the first filtering portion may 
so include a first bandpass filter for filtering the RF wave 
signals received in the antenna portion, and generating 
the first wide band having the first and second bands 
adjacent to each other, and a second bandpass filter for 
filtering the RF wave signals received in the antenna 
55 portion, and generating the second wide band having 
the third and fourth bands adjacent to each other. 
[0010] The amplifying portion of the apparatus may 
include a first low-noise amplifier for amplifying the out- 
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put of the first bandpass filter, and a second low-noise 
amplifier for amplifying the output of the second band- 
pass filter. 

[0011] The second filtering portion of the apparatus 
preferably includes a third bandpass filter for filtering the 5 
RF wave signals provided from the path setting portion 
and generating the third wide band having the second 
and third bands, and a bandstop filter for filtering the RF 
wave signals provided from the path setting portion and 
generating the fourth wide band having the first and 10 
fourth bands. 

[001 2] The path setting portion of the apparatus pref- 
erably includes a first switch for switching the RF wave 
signal of the first wide band output from the first band- 
pass filter and outputting the same to one of the third 15 
bandpass filter and the bandstop filter, and a second 
switch for switching the RF wave signal of the second 
wide band output from the second bandpass filter and 
outputing the same to one of the third bandpass filter 
and the bandstop filter. 20 
[0013] The frequency down-converting portion of the 
apparatus preferably includes an oscillating portion in- 
cluding a first oscillator for generating a first oscillation 
frequency and a second oscillator for generating a sec- 
ond oscillation frequency, a mixing portion including first 25 
through fourth mixers for obtaining differences between 
outputs of the third bandpass filter and the bandstop fil- 
ter and outputs of the first and second oscillators, and 
a third filtering portion including fifth through eighth 
bandpass filters for filtering the outputs of the first 30 
through fourth mixers and generating IF wave signals of 
the first through fourth bands. 
[0014] In the above method and apparatus, the first 
oscillation frequency is preferably the intermediate fre- 
quency of the first and second bands, and the second 35 
oscillation frequency is preferably the intermediate fre- 
quency of the third and fourth bands. 
[0015] Finally, the first through fourth bands may be 
bands for a Global Positioning System (GPS), Distrib- 
uted Control System (DCS), Wideband-Code Division *o 
Multiple Access (W-CDMA) and Industrial, Scientific 
and Medical (ISM) 2400 for wireless LAN, respectively, 
the first through fourth bands are bands for Personal 
Digital Cellular (PDC) 1500, DCS, W-CDMA and 
ISM2400, respectively, or for PDC1 500, Personal Com- 45 
munications Systems (PCS), W-CDMA and ISM2400, 
respectively, or for PDC1500, Digital Enhanced Cord- 
less Telecommunications (DECT), W-CDMA and 
ISM2400, respectively. 

[0016] The above and other features and advantages so 
of the present invention will become more apparent to 
those of ordinary skill in the art by describing in detail 
preferred embodiments thereof with reference to the at- 
tached drawings in which: 

55 

FIG. 1 is a block diagram of a multi-band RF receiv- 
ing apparatus for a mobile communication system 
according to the present invention; 
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FIG. 2 illustrates the operation of various compo- 
nents of the multi-band RF receiving apparatus 
shown in FIG. 1 , and final output frequency bands 
in a case in which a first mode is selected; 
FIG. 3 illustrates the operation of various compo- 
nents of the multi-band RF receiving apparatus 
shown in FIG. 1 , and final output frequency bands, 
in a case in which a second mode is selected; 
FIG. 4 illustrates the operation of various compo- 
nents of the multi-band RF receiving apparatus 
shown in FIG. 1 , and final output frequency bands, 
in a case in which a third mode is selected; 
FIG. 5 illustrates the operation of various compo- 
nents of the multi-band RF receiving apparatus 
shown in FIG. 1 , and final output frequency bands, 
in a case in which a fourth mode is selected; 
FIG. 6 illustrates an example of first through fourth 
frequency bands shown in FIG. 1 and required char- 
acteristics of a wide bandpass filter corresponding 
thereto; and 

FIGS. 7 through 10 illustrate a variety of examples 
of first through fourth frequency bands shown In 
FIG. 1 and required characteristics of a wide band- 
pass filter corresponding thereto. 

[0017] The present invention will now be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. The invention may, however, be em- 
bodied in different forms and should not be construed 
as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. Like 
numbers refer to like elements throughout. 
[0018] FIG. 1 is a block diagram of a multi-band RF 
receiving apparatus for a mobile communication system 
according to the present invention. The multi-band RF 
receiving apparatus includes an antenna portion 10, a 
first filtering portion 20, an amplifying portion 30, a mode 
signal generating portion 40, a second filtering portion 
60, a path setting portion 50, and a frequency down-con- 
verting portion 1 00. The antenna portion 1 0 receives RF 
wave signals for four or more non-overlapping bands. 
The first filtering portion 20 filters a first wide band in- 
cluding first and second bands and a second wide band 
including third and fourth bands from the RF wave sig- 
nals received from the antenna portion 10. The amplify- 
ing portion 30 low-noise amplifies first and second wide- 
band RF wave signals supplied from the first filtering 
portion 20. The mode signal generating portion 40 gen- 
erates first through fourth mode signals according to two 
bands selected to be simultaneously received among 
the first through fourth bands. The second filtering por- 
tion 60 filters a third wide band including second and 
third bands and a fourth wide band including first and 
fourth bands from the first and second wide band RF 
wave signals received from the amplifying portion 30, 
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The path setting portion 50 is disposed between the am- 
plifying portion 30 and the second filtering portion 60, 
and sets a path between the output port of the amplifying 
portion 30 and the input port of the second filtering por- 
tion 60 according to two bands to be simultaneously re- 5 
ceived among the first through fourth bands. The fre- 
quency-down converting portion 100 converts the two 
band RF wave signals generated in the second filtering 
portion 60 into IF wave signals by means of first and 
second oscillation frequencies. The frequency down- 
converting portion 1 00 includes an oscillating portion 70, 
a mixing portion 80 and a third filtering portion 90. 
[0019] The first filtering portion 20 includes a first 
bandpass filter 21 BPF1 forfiltering the RF wave signals 
received in the antenna portion 10 and generating RF 
wave signals of the first wide band having the first and 
second bands, and a second bandpass filter 23 BPF2 
forfiltering the RF wave signals received in the antenna 
portion 10 and generating RF wave signals of the sec- 
ond wide band having the third and fourth bands. The 
amplifying portion 30 includes first and second low- 
noise amplifiers 31 LNA1 and 33 LNA2 for amplifying 
outputs of the first and second bandpass filters 21 BPF1 
and 23 BPF2. 

[0020] The path setting portion 50 includes a first 
switch 51 and a second switch 53. The first switch 51 
has a first upper contact a1 connected to the input port 
of a third bandpass filter 61 BPF3, and a first lower con- 
tact b1 connected to the input port of a bandstop filter 
63 BPF4. The second switch 53 has a second upper 
contact a2 connected to the input port of the third band- 
pass filter 61 BPF3, and a second lower contact b2 con- 
nected to the input port of the bandstop filter 63 BPF4. 
[0021] The second filtering portion 60 includes the 
third bandpass filter 61 BPF3 for filtering RF wave sig- 
nals of the first and/or second wide bands provided from 
the first and/or second switches 51 and/or 53 and gen- 
erating the RF wave signals of the third wide band hav- 
ing the second and third bands, and the bandstop filter 
63 BPF4 forfiltering RF wave signals of the first and/or 
second wide bands provided from the first and/or sec- 
ond switches 51 and/or 53 and generating the RF wave 
signals of the fourth wide band having the first and fourth 
bands by restricting second and third bands. 
[0022] The oscillating portion 70 includes a first oscil- 
lator 71 for generating a first oscillation frequency and 
a second oscillator 73 for generating a second oscilla- 
tion frequency. The first oscillation frequency is the in- 
termediate frequency of the first and second bands, and 
the second oscillation frequency is the intermediate fre- 
quency of the third and fourth bands. 
[0023] The mixing portion 80 includes a first mixer 81 , 
a second mixer 83, a third mixer 85 and a fourth mixer 
87. The first mixer 81 obtains a difference between an 
output of the bandstop filter 63 BPF4 and the first oscil- 
lation frequency generated in the first oscillator 71 . The 
second mixer 83 obtains a difference between an output 
of the third bandpass filter 61 BPF3 and the first oscil- 



lation frequency generated in the first oscillator 71 . The 
third mixer 85 obtains a difference between an output of 
the third bandpass filter 61 BPF3 and the second oscil- 
lation frequency generated in the second oscillator 73. 
The fourth mixer 87 obtains a difference between an out- 
put of the bandstop filter 63 BPF4 and the second os- 
cillation frequency generated in the second oscillator 73. 
[0024] The third filtering portion 90 includes fifth 
through eighth bandpass filters 91 BPF5, 93 BPF6, 95 
BPF7 and 97 BPF8 for filtering the outputs of the first 
through fourth mixers 81, 83, 85 and 87, respectively, 
and respectively generating IF wave signals of the first 
through fourth bands. 

[0025] The operation of the above-described RF re- 
ceiving apparatus will now be described with reference 
to FIGS. 1 through 6. 

[0026] The antenna portion 1 0 receives RF wave sig- 
nals of the first through fourth bands transmitted from 
different base stations of first through fourth mobile com- 
munication systems, the frequency bands not overlap- 
ping with one another. For the sake of convenient ex- 
planation, as shown in FIG. 1, the present invention is 
herein described with the antenna portion 10 receiving 
RF wave signals from an exemplary four bands. How- 
ever, as is evident to one of ordinary skill in the art, the 
antenna portion 10 is not limited to receiving signals 
from four bands, and may receive signals from four or 
more bands. 

[0027] In the first filtering portion 20, the first band- 
pass filter 21 BPF1 receives RF wave signals received 
from the antenna portion 10, filters the received RF 
wave signals, and generates a first wide band having 
the first and second bands adjacent to each other with 
unnecessary components removed therefrom. Like- 
wise, the second bandpass filter 23 BPF2 receives RF 
wave signals of the first through fourth bands received 
from the antenna portion 10, filters the received RF 
wave signals, and generates a second wide band hav- 
ing the third and fourth bands adjacent to each other 
with unnecessary components removed therefrom. 
[0028] In the amplifying portion 30, the first low-noise 
amplifier 31 LNA1 low-noise amplifies and outputs the 
RF wave signal of the first wide band output from the 
first bandpass filter 21 BPF1 , and the second low-noise 
amplifier 33 LNA2 low-noise amplifies and outputs the 
RF wave signal of the second wide band output from the 
second bandpass filter 23 BPF2. 
[0029] The mode signal generating portion 40 gener- 
ates first through fourth mode signals and outputs the 
same to the path setting portion 50, for switching oper- 
ation of the first and second switches 51 and 53. That 
is, the mode signal generating portion 40 outputs the 
first through fourth mode signals to the path setting por- 
tion 50 for controlling setting paths between the output 
ports of the first and second low-noise amplifiers 31 and 
33 and the input ports of the third bandpass filter 61 
BPF3 and the bandstop filter 63 BPF4. 
[0030] In the path setting portion 50, if the first mode 
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signal is applied thereto from the mode signal generat- 
ing portion 40 as a switching control signal, the first 
switch 51 is connected to the first upper contact a1 and 
the second switch 53 is connected to the second upper 
contact a2. If the second mode signal is applied to the 
path setting portion 50, the first switch 51 is connected 
to the first upper contact a1 and the second switch 53 
is connected to the second lower contact b2. If the third 
mode signal is applied to the path setting portion 50, the 
first switch 51 is connected to the first lower contact b1 
and the second switch 53 is connected to the second 
lower contact b2. If the fourth mode signal is applied to 
the path setting portion 50, the first switch 51 is connect- 
ed to the first lower contact b1 and the second switch 
53 is connected to the second upper contact a2. Con- 
sequently, in order to receive the RF wave signals of the 
second and third bands, the first mode signal is applied 
from the mode signal generating portion 40. In order to 
receive the RF wave signals of the second and fourth 
bands, the second mode signal is applied from the mode 
signal generating portion 40. In order to receive the RF 
wavesignalsofthefirstandfourth bands, thethirdmode 
signal is applied from the mode signal generating por- 
tion 40. In order to receive the RF wave signals of the 
first and third bands, the fourth mode signal is applied 
from the mode signal generating portion 40. 
[0031] In the second filtering portion 60, the third 
bandpass filter 61 BPF3 receives RF wave signals 
switched by and output from the first and second switch- 
es 51 and 53, filters the received RF wave signals, and 
generates the RF wave signals of the third wide band 
having the second and third bands with unnecessary 
components removed therefrom. Likewise, the band- 
stop filter 63 BPF4 receives RF wave signals switched 
by and output from the first and second switches 51 and 
53, and filters the received RF wave signals, and gen- 
erates the RF wave signals of the fourth wide band hav- 
ing the first and fourth bands with unnecessary compo- 
nents removed therefrom. 

[0032] In the oscillating portion 70 for outputting os- 
cillation frequencies corresponding to received RFwave 
signals, the intermediate frequency of two adjacent 
bands is set as an oscillation frequency. That is to say, 
the intermediate f requ ency of the first and second bands 
corresponds to the first oscillation frequency of the first 
local oscillator 71 , and the intermediate frequency of the 
third and fourth bands corresponds to the second oscil- 
lation frequency of the second local oscillator 73. 
[0033] In the mixing portion 80, the first mixer 81 ob- 
tains a difference between the RF wave signal(s) of the 
first and/or fourth band output from the bandstop filter 
63 BPF4 and the first oscillation frequency of the first 
local oscillator 71 and outputs the obtained difference 
to the fifth bandpass filter 91 BPF5. The second mixer 
83 obtains a difference between the RF wave signal(s) 
of the second and/or third band output from the third 
bandpass filter 61 BPF3 and the first oscillation frequen- 
cy of the first local oscillator 71 and outputs the obtained 



difference to the sixth bandpass filter 93 BPF6. The third 
mixer 85 obtains a difference between the RF wave sig- 
nals) of the second and/or third band output from the 
third bandpass filter 61 BPF3 and the second oscillation 
5 frequency of the second local oscillator 73 and outputs 
the obtained difference to the seventh bandpass filter 
95 BPF7. The fourth mixer 87 obtains a difference be- 
tween the RF wave signal(s) of the first and/or fourth 
bands output from the bandstop filter 63 BPF4 and the 
10 second oscillation frequency of the second local oscil- 
lator 73 and outputs the obtained difference to the eighth 
bandpass filter 97 BPF8. 

[0034]' In the third filtering portion 90, the fifth through 
eighth bandpass filters 91 , 93, 95 and 97 BPF5 through 
BPF8 perform bandpass filtering of outputs of the first 
through fourth mixers 81, 83, 85 and 87, and generate 
IF wave signals of thefirstthrough fourth bands, respec- 
tively. 

[0035] Even if the first through third bandbpass filters 
21 BPF1,23BPF2and61 BPF3, and the bandstop filter 
63 BPF 4, are implemented as wide bandpass and 
bandstop filters, the RF receiver is stiil not affected by 
adjacent band noise because cut off characteristics of 
wide bandpass and bandstop filters are nearly the same 
as cut off characteristics of conventional bandpass and 
bandstop filters. 

[0036] Referring to FIGS. 2 through 5, the operations 
of the path setting portion 50, the second filtering portion 
60, the mixing portion 80 and the third filtering portion 
90 will be described according to the first through fourth 
mode signals output from the mode signal generating 
portion 40. 

[0037] Referring to FIG. 2, if the first mode signal is 
generated, the first switch 51 is connected to the first 
upper contact a1 and the second switch 53 is connected 
to the second upper contact a2. Thus, the RF wave sig- 
nals of the first and second bands output from the first 
switch 51 and the RF wave signals of the third and fourth 
bands output from the second switch 53 are input to the 
third bandpass filter 61 BPF3. The third bandpass filter 
61 BPF3 filters the first through fourth band RF wave 
signals provided from the first and second switches 51 
and 53, and applies the filtered second and third bands 
to the second and third mixers 83 and 85. The second 
mixer 83 obtains differences between the RF wave sig- 
nals of the second and third bands and the first oscilla- 
tion frequency (A) and outputs the obtained differences 
to the sixth bandpass filter 93 BPF6. The third mixer 85 
obtains differences between the RF wave signals of the 
second and third bands and the second oscillation fre- 
quency (B) and outputs the obtained differences to the 
seventh bandpass filter 95 BPF7. As a result, the sixth 
bandpass filter 93 BPF6 filters the output from the sec- 
ond mixer 83 and outputs the filtered IF wave signal of 
the second band and the seventh bandpass filter 95 
BPF7 filters the output from the third mixer 85 and out- 
puts the filtered IF wave signal of the third band. 
[0038] Referring to FIG. 3, if the second mode signal 
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is generated, the first switch 51 is connected to the first 
upper contact a1 and the second switch 53 is connected 
to the second lower contact b2. Thus, the RF wave sig- 
nals of the first and second bands output from the first 
switch 51 are input to the third bandpass filter 61 BPF3. 
The RF wave signals of the third and fou rth bands output 
from the second switch 53 are input to the bandstop filter 
63 BPF4. The third bandpass filter 61 BPF3 filters the 
first and second band RF wave signals provided from 
the first switch 51 and applies the filtered second band 
to the second and third mixers 83 and 85. The bandstop 
filter 63 BPF4 filters the third and fourth band RF wave 
signals provided from the second switch 53, and applies 
the filtered fourth band to the first and fourth mixers 81 
and 87. The first mixer,81 obtains a difference between 
the RF wave signal of the fourth band and the first os- 
cillation frequency (A) and outputs the obtained differ- 
ence to the fifth bandpass filter 91 BPF5. The second 
mixer 83 obtains a difference between the RF wave sig- 
nal of the second band and the first oscillation frequency 
(A) and outputs the obtained difference to the sixth 
bandpass filter 93 BPF6. The third mixer 85 obtains a 
difference between the RF wave signal of the second 
band and the second oscillation frequency (B) and out- 
puts the obtained difference to the seventh bandpass 
filter 95 BPF7. The fourth mixer 87 obtains a difference 
between the RF wave signal of the fourth band and the 
second oscillation frequency (B) and outputs the ob- 
tained difference to the eighth bandpass filter 97 BPF8. 
[0039] At this time, the fourth band IF wave signal pro- 
vided from the first mixer 81 is blocked because it is out 
of a band of the fifth bandpass filter 91 BPF5. Also, the 
second band IF wave signal provided from the third mix- 
er 85 is blocked because it is out of a band of the seventh 
bandpass filter 95 BPF7. As a result, the sixth bandpass 
filter 93 BPF6 filters the output from the second mixer 
83 and outputs the filtered second band IF wave signal, 
and the eighth bandpass filter 97 BPF8 filters the output 
from the fourth mixer 87 and outputs the filtered fourth 
band IF wave signal. 

[0040] Referring to FIG. 4, if the third mode signal is 
generated, the first switch 51 is connected to the first 
lower contact b1 and the second switch 53 is connected 
to the second lower contact b2. Thus, the RF wave sig- 
nals of the first and second bands output from the first 
switch 51 and the RF wave signals of the third and fourth 
bands output from the second switch 53 are input to the 
bandstop filter 63 BPF4. The bandstop filter 63 BPF4 
filters the first through fourth band RF wave signals pro- 
vided from the first and second switches 51 and 53, and 
applies the filtered first and fourth bands to the first and 
fourth mixers 81 and 87. The first mixer 81 obtains dif- 
ferences between the RF wave signals of the first and 
fourth bands and the first oscillation frequency (A) and 
outputs the obtained differences to the fifth bandpass 
filter 91 BPF5. The fourth mixer 87 obtains differences 
between the RF wave signals of the first and fourth 
bands and the second oscillation frequency (B) and out- 



puts the obtained differences to the eighth bandpass fil- 
ter 97 BPF8. As a result, the fifth bandpass filter 91 
BPF5 filters the output from the first mixer 81 and out- 
puts the filtered first band I F wave signal, and the eighth 
5 bandpass filter 97 BPF8 filters the output from the fou rth 
mixer 87, and outputs the filtered the fourth band IF 
wave signal. 

[0041] Referring to FIG. 5, if the fourth mode signal is 
generated, the first switch 51 is connected to the first 
10. lower contact b1 and the second switch 53 is connected 
to the second upper contact a2. Thus, the RF wave sig- 
nals of the first and second bands output from the first 
switch 51 are input to the bandstop filter 63 BPF4. The 
RF wave signals of the third and fourth bands output 
from the second switch 53 are input to the third band- 
pass filter 61 BPF3. The third bandpass filter 61 BPF3 
filters the third and fourth band RF wave signals and ap- 
plies the filtered third band to the second and third mix- 
ers 83 and 85. The bandstop filter 63 BPF4 filters the 
first and second band RF wave signals and applies the 
filtered first band to the first and fourth mixers 81 and 
87. The first mixer 81 obtains a difference between the 
RF wave signal of the first band and the first oscillation 
frequency (A) and outputs the obtained difference to the 
fifth bandpass filter 91 BPF5. The second mixer 83 ob- 
tains a difference between the RF wave signal of the 
third band and the first oscillation frequency (A) and out- 
puts the obtained difference to the sixth bandpass filter 
93 BPF6. The third mixer 85 obtains a difference be- 
tween the RF wave signal of the third band and the sec- 
ond oscillation frequency (B) and outputs the obtained 
difference to the seventh bandpass filter 95 BPF7. The 
fourth mixer 87 obtains a difference between the RF 
wave signal of the first band and the second oscillation 
frequency (B) and outputs the obtained difference to the 
eighth bandpass filter 97 BPF8. 
[0042] At this time, the third band IF wave signal pro- 
vided from the second mixer 83 is blocked because it is 
out of a band of the sixth bandpass filter 93 BPF6. Also, 
the first band IF wave signal provided from the fourth 
mixer 87 is blocked because it is out of a band of the 
eighth bandpass filter 97 BPF8. As a result, the fifth 
bandpass filter 91 BPF6 filters the output from the first 
mixer 81 and outputs the filtered first band IF wave sig- 
nal, and the seventh bandpass filter 95 BPF7 filters the 
output from the third mixer 85 and outputs the filtered 
third band IF wave signal. 

[0043] In an embodiment of the present invention, an 
example of an RF receiving apparatus will now be de- 
scribed, the apparatus using a Global Positioning Sys- 
tem (GPS), Distributed Control System (DCS), Wide- 
band-Code Division Multiple Access (W-CDMA) or In- 
dustrial, Scientific and Medical (ISM) 2400 for wireless 
LAN, which are necessary for European mobile commu- 
nication terminals, as first through fourth bands. 
[0044] Referring to FIG. 6, the GPS has a bandwidth 
of 2 MHz at a frequency of 1 574.42 to 1 576.42 MHz, the 
DCS has a bandwidth of 75 MHz at a frequency of 1 805 
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to 1880 MHz, the W-CDMA has a bandwidth of 60 MHz 
at a frequency of 2110 to 2170 MHz, and the ISM2400 
has a bandwidth of 83.5 MHz at a frequency of 2400 to 
2483.5 MHz. The respective bands are spaced apart 
from each other by a bandwidth of 230 MHz. 
[0045] Accordingly, the first bandpass filter 21 BPF1 
is designed to have a center frequency of 1 727.21 MHz 
and a bandwidth of 306 MHz and to be attenuated by at 
least 30 dB at a frequency of the center frequency ±383 
MHz. The second bandpass filter 23 BPF2 is designed 
to have a center frequency of 2296.75 MHz and a band- 
width of 375.3 MHz and to be attenuated by at least 30 
dB at a frequency of the center frequency ±417 MHz. 
The third bandpass filter 61 BPF3 is designed to have 
a center frequency of 1987.5 MHz and a bandwidth of 
365 MHz and to be attenuated by at least 30 dB at a 
frequency of the center frequency ±41 2 MHz. The band- 
stop filter 63 BPF4 is designed to have bandstop char- 
acteristics at the same center frequency and the same 
bandwidth as those of the third bandpass filter 61 BPF3. 
The first and second local oscillators 71 and 73 are de- 
signed such that first and second oscillation frequencies 
thereof are 1690 MHz, which is the intermediate fre- 
quency of GPS and DSC, and 2285 MHz, which is the 
intermediate frequency of W-CDMA and ISM2400, re- 
spectively. 

[0046] Alternatively, as shown in FIGS. 7 through 10 
respectively, in cases where sets of Personal Digital 
Cellular (PDC) 1500, DCS, W-CDMA and ISM2400; 
PDC1500, Personal Communications Systems (PCS), 
W-CDMA and ISM2400; PDC1500, Digital Enhanced 
Cordless Telecommunications (DECT), W-CDMA and 
ISM2400; and PDC 1500, DCS, W-CDMA and ISM2400 
(JP), are used as the first through fourth bands, the in- 
vention is easily implemented by adjusting the bands 
and bandwidths of the respective bandpass and band- 
stop filters, and the oscillation frequencies of the local 
oscillators. 

[0047] As described above, compared to the conven- 
tional multi-band RF receiving apparatus for a mobile 
communication system, the multi-band RF receiving ap- 
paratus according to the present invention requires half 
as many RF filters prior to the use of mixers and local 
oscillators. As a result, the size and cost of the RF mod- 
ule are noticeably reduced, while capabilities of remov- 
ing image components and preventing saturation of a 
low-noise amplifier by receiving only desired frequen- 
cies and removing unnecessary frequencies are re- 
tained. Therefore, the multi-band RF receiving appara- 
tus according to the present invention exhibits substan- 
tially the same performance in actual implementation as 
that of the conventional apparatus, but at a greatly re- 
duced size and cost. 

[0048] Further, in the multi-band RF receiving appa- 
ratus of the present invention, two bands among four or 
more multiple bands received from an antenna may be 
simultaneously selected, thereby allowing two different 
kinds of information to be simultaneously received. 



[0049] Preferred embodiments of the present inven- 
tion have been disclosed herein and, although specific 
terms are employed, they are used and are to be inter- 
preted in a generic and descriptive sense only and not 
s for purpose of limitation. Accordingly, it will be under- 
stood by those of ordinary skill in the art that various 
changes in form and details may be made without de- 
parting from the scope of the present invention as set 
forth in the following claims. 



Claims 

1 . A multi-band radio frequency (RF) receiving meth- 
*5 od in a mobile communication system, comprising: 

receiving RF wave signals for four or more non- 
overlapping bands; 

primarily filtering a first wide band including first 
20 and second bands adjacent to each other and 

a second wide band including third and fourth 
bands adjacent to each other from the received 
RF wave signals; 

low-noise amplifying the RF wave signals of the 
25 first and second wide bands, respectively; 

secondarily filtering a third wide band including 
second and third bands adjacent to each other 
and a fourth wide band including first and fourth 
bands from the low-noise amplified RF wave 
30 signals of the first and second wide bands, and 

generating two band RF wave signals to be si- 
multaneously received; and 
frequency-down converting the two band RF 
wave signals generated in the secondarily fil- 
35 tering step into two band intermediate frequen- 

cy (IF) wave signals by means of first and sec- 
ond oscillation frequencies. 

2. The method as claimed in claim 1 , wherein the first 
oscillation frequency is the intermediate frequency 
of the first and second bands, and the second os- 
cillation frequency is the intermediate frequency of 
the third and fourth bands. 

45 3. a multi-band RF receiving apparatus in a mobile 
communication system, comprising: 

an antenna portion for receiving RF wave sig- 
nals for four or more non-overlapping bands; 

so a first filtering portion for filtering a first wide 

band including first and second bands adjacent 
to each other and a second wide band including 
third and fourth bands adjacent to each other 
from the R F wave signals received from the an- 

55 tenna portion; 

an amplifying portion for low-noise amplifying 
first and second wide band RF wave signals 
supplied from the first filtering portion, respec- 
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tively; 

a second filtering portion for filtering a third wide 
band including second and third bands adja- 
cent to each other and a fourth wide band in- 
cluding first and fourth. bands from the first and 5 
second wide band RF wave signals received 
from the amplifying portion; 
a path setting portion disposed between the 
amplifying portion and the second filtering por- 
tion, and setting a path between the output port 10 
of the amplifying portion and the input port of 
the second filtering portion according to two 
bands selected to be simultaneously received 
among the first through fourth bands; and 
a frequency-down converting portion for con- is 
verting the two band RF wave signals generat- 
ed in the second filtering portion into two band 
IF wave signals by means of first and second 
oscillation frequencies. 

20 

4. The apparatus as claimed in claim 3, further com- 
prising a mode signal generator for generating first 
through fourth mode signals according to the two 
bands selected to be simultaneously received 
among the first through fourth bands. 25 

5. The apparatus as claimed in claim 3 or 4, wherein 
the first oscillation frequency is the intermediate fre- 
quency of the first and second bands, and the sec- 
ond oscillation frequency is the intermediate fre- 30 
quency of the third and fourth bands. 

6. The apparatus as claimed in claim 3, 4 or 5, wherein 
the first filtering portion includes a first bandpass fil- 
ter for filtering the RF wave signals received in the 35 
antenna portion, and generating the first wide band 
having the first and second bands adjacent to each 
other, and a second bandpass filter for filtering the 

RF wave signals received in the antenna portion, 
and generating the second wide band having the *o 
third and fourth bands adjacent to each other. 

7. The apparatus as claimed in claim 6, wherein the 
amplifying portion includes a first low-noise ampli- 
fier for amplifying the output of the first bandpass 45 
filter, and a second low-noise amplifier for amplify- 
ing the output of the second bandpass filter. 

8. The apparatus as claimed in any one of claims 3 to 

7, wherein the second filtering portion includes a so 
third bandpass filter for filtering the RF wave signals 
provided from the path setting portion and generat- 
ing the third wide band having the second and third 
bands, andabandstop filter forfiltering the RF wave 
signals provided from the path setting portion and 55 
generating the fourth wide band having the first and 
fourth bands. 



9. The apparatus as claimed in claim 8, wherein the 
path setting portion includes a first switch for switch- 
ing the RF wave signal of the first wide band output 
from the first bandpass filter and outputting the 
same to one of the third bandpass filter and the 
bandstop filter, and a second switch for switching 
the RF wave signal of the second wide band output 
from the second bandpass filter and outputing the 
same to one of the third bandpass filter and the 
bandstop filter. 

10. The apparatus as claimed in claim 9, wherein the 
frequency down-converting portion comprises: 

an oscillating portion including a first oscillator 
for generating a first oscillation frequency and 
a second oscillator for generating a second os- 
cillation frequency; 

a mixing portion including first through fourth 
mixers for obtaining differences between out- 
puts of the third bandpass filter and the band- 
stop filter and outputs of the first and second 
oscillators; and 

a third filtering portion including fifth through 
eighth bandpass filters for filtering the outputs 
of thefirstthrough fourth mixers and generating 
IF wave signals of the first through fourth 
bands. 

11. The apparatus as claimed in claim 10, wherein the 
first oscillation frequency is the intermediate fre- 
quency of the first and second bands, and the sec- 
ond oscillation frequency is the intermediate fre- 
quency of the third and fourth bands. 

12. The apparatus as claimed in any one of claims 3 to 
1 1 , wherein the first through fourth bands are bands 
for a Global Positioning System (GPS), Distributed 
Control System (DCS), Wideband-Code Division 
Multiple Access (W-CDMA) and Industrial, Scientif- 
ic and Medical (ISM) 2400 for wireless LAN, respec- 
tively. 

13. The apparatus as claimed in any one of claims 3 to 
1 1 , wherein the first through fourth bands are bands 
for Personal Digital Cellular (PDC) 1500, DCS, 
W-CDMA and ISM2400, respectively. 

14. The apparatus as claimed in any one of claims 3 to 
1 1 , wherein the first through fourth bands are bands 
for PDC1500, Personal Communications Systems 
(PCS), W-CDMA and ISM2400, respectively. 

1 5. The apparatus as claimed in any one of claims 3 to * 
1 1 , wherein the first through fourth bands are bands 
for PDC1500, Digital Enhanced Cordless Telecom- 
munications (DECT), W-CDMA and ISM2400, re- 
spectively. 
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